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METHOD AND APPARATUS FOR
PREPARING RUNNING COURSE DATA FOR
AN UNMANNED DUMP TRUCK

TECHNICAL FIELD

The present mvention relates to a method and an appa-
ratus for preparing travel-course data for an unmanned dump
fruck 1n an unmanned dump truck operating system, and
more particularly, to a method and an apparatus for auto-
matically preparing travel-course data for an unmanned
dump truck in front of and behind a loading position.

BACKGROUND ART

Hitherto, as systems for carrying earth and sand by a
dump truck 1in a wide field such as a quarry, unmanned dump
fruck operating systems have been well known. In these
systems, for example, a travel course of an unmanned dump
truck 1s taught 1n advance, and coordinate data for each
predetermined distance of the travel course are stored 1n a
storage device. During an unmanned traveling operation, the
position, where the unmanned dump truck 1s actually
traveling, 1s checked for each predetermined sampling time;
and the deviation, between the actual travel position and the
previously stored travel-course data 1s calculated. Then,
operating control of the steering, the vehicle speed, the
starting, and the stopping of the unmanned dump truck 1is
performed so as to reduce the deviation; and the unmanned
dump truck 1s controlled so as to travel along the previously
stored travel course.

For example, Japanese Unexamined Patent Publication
No. 5-297942 discloses an unmanned dump truck operating
system having an unmanned dump truck, a loader, and a
fixed station. The unmanned dump truck and the fixed
station are provided with a bidirectional automatic tracking
device; and a control circuit section, for automatically
controlling the automatic tracking devices, 1s provided so
that light waves emitted from the automatic tracking devices
to each other are always received 1n the front thereof. This
allows the distance between the fixed station, as a reference
position, and the unmanned dump truck, and its direction, to
be measured, so that the current position of the unmanned
dump truck 1s calculated. In the operating system, a loading
position where the loader loads earth and sand onto the
unmanned dump truck, and an unloading position are pro-
vided; and an automatic travel course for the unmanned
dump truck traveling between the loading position and the
unloading position 1s obtained by teaching. The taught data
of the travel course are stored 1n a storage device of the
unmanned dump truck.

When the unmanned dump truck travels automatically, a
travel control means of the unmanned dump truck 1s com-
manded to control the steering, the vehicle speed, the
starting, and the stopping, so that the deviation between the
current position of the traveling unmanned dump truck and
the travel-course data 1n the storage device 1s reduced. In this
way, the unmanned dump truck travels automatically
between the loading position and the unloading position
along the taught travel course.

In order to teach the travel course, the above publication
proposes a method 1n which an operator of the dump truck
oets mnto the driver’s seat to operate the dump truck along a
desired travel course, and travel position data on a prede-
termined sampling point at this time are stored in the storage
device. In addition, another method 1s proposed 1n which the
travel control, such as the steering, the forward-reverse
switching, and the wvehicle speed, 1s performed by an
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2

unmanned guiding device using a radio; the dump truck 1s
operated by the unmanned guiding; and the travel position
data on the sampling point are stored 1n the storage device
similar to the above description.

Incidentally, 1n order to increase the operating efficiency
at the time of the loading operation in the quarry, an operator
of the loader frequently changes the loading position so that
the loading position becomes as close as possible to the
quarry. However, according to the above conventional
unmanned dump truck operatmg system, the travel course to
the loading position and the travel course from the loading
position must be taught each time the loading position 1s
changed. The operation for teaching the travel course 1s very
troublesome, and the teaching work takes time, thus result-
Ing 1n poor operating efficiency.

In addition, a method of traveling the dump truck to the
loading position by unmanned guiding with the use of radio
requires skill 1n the unmanned guiding operation. Therefore,
problems arise 1n that 1t takes time for an unskilled operator
to perform unmanned guiding, and that even the skilled
operator tires easily due to the difficult unmanned guiding
operation.

SUMMARY OF THE INVENTION

The present invention has been made to solve the prob-
lems of the prior art, and its object 1s to provide a method
and an apparatus for preparing travel-course data for an
unmanned dump truck, which can automatically prepare
travel-course data with ease, to thereby improve the oper-
ability and operating efficiency for an operator without
having to teach a travel course each time a loading position
1s changed, even 1f the loader frequently changes the loading
position.

According to the present invention, there 1s provided a
method of preparing travel-course data for an unmanned
dump truck which 1s traveling on a previously set travel
course, loading a load by a loader at a loading position
provided on the travel course, and unloading the load by
traveling on the travel course, the method comprising:

obtaining a new loading position by measurement or

calculation when the loader changes the loading posi-
tion; calculating new travel-course data based on the
data of the new loading position and the data of the
travel course; and rewriting the travel-course data,

stored 1n a course data storage device, as the new
travel-course data.

By the described arrangement, the new loading position
and the new travel-course data are automatically obtained 1n
response to the change of the loading position, and the stored
travel-course data 1s replaced with the new travel-course
data, thereby performing an operation. This improves the
operability and operating efficiency for an operator.

In a first aspect of an apparatus for preparing travel-course
data for an unmanned dump truck according to the present
invention, there 1s provided an apparatus for preparing
travel-course data for an unmanned dump truck i1n an
unmanned dump truck operating system including a monitor
station for monitoring an unmanned dump truck traveling on
a previously set travel course, loading a load by a loader at
a loading position, and unloading the load; a course data
storage device; an automatic travel controller for controlling
the traveling of the unmanned dump truck; and a monitor
controller for communicating the travel condition monitor
information, etc., by radio with the automatic travel con-
troller; the apparatus comprising;:

a loader controller having attached thereto a position
measuring means for measuring a current position of
the loader and for transmitting by radio the current
position;
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an automatic guiding mode switch attached to the monitor
controller for selecting a mode of automatically trav-
cling the unmanned dump truck to a new loading
position; and

a course preparing means for preparing new travel-course
data based on the new loading position and the stored
travel-course data by regarding the current position as
the new loading position when a signal of the mode
selection 1s 1nputted;

wherein the automatic travel controller rewrites the stored
travel-course data as the new travel-course data.

In addition, the course preparing means can be attached to
cither one of the monitor controller and the automatic travel
controller.

By the described arrangements, the current position of the
loader 1s transmitted by radio to the controller to which the
course preparing means 1s attached, 1.e., to the monitor
controller of the monitor station, or to the automatic travel
controller of the unmanned dump truck. When the loader
arrives at a new loading position, and the automatic guiding
mode 1S selected, the controller, attached to the course
preparing means, regards the received current position of the
loader as the new loading position, and outputs new loading
position data to the course preparing means. The course
preparing means prepares new travel-course data based on
the new loading position data. When the course preparing
means 1s attached to the monitor controller, the automatic
travel controller receives new travel-course data from the
monitor controller. On the other hand, when the course
preparing means 1s attached to the automatic travel
controller, the automatic travel controller 1nputs the new
travel-course data directly from the course preparing means.
Then, the automatic travel controller rewrites the travel-
course data stored 1n the course data storage device, with the
new travel-course data. This improves the operability and
operating efficiency. According to this arrangement, when a
monitoring person of the operating system monitor station
can check the arrival of the loader at the new loading
position, a more excellent action and effect can be obtained.

In a second aspect of an apparatus for preparing travel-
course data for an unmanned dump truck according to the
present mvention, there 1s provided an apparatus, compris-
Ing:

a loader controller having attached thereto a position
measuring means for measuring a current position of
the loader and a trigger signal generating means for
generating a trigger signal for reporting that the loader
1s on a new loading position, for transmitting by radio
the current position and the 1nput trigger signal to the
monitor controller; and

a course preparing means attached to the monitor con-
troller for preparing new travel-course data based on
the new loading position and the stored travel-course
data by regarding the current position as the new
loading position when receiving the trigger signal;

wherein the automatic travel controller rewrites the stored

travel-course data as the new travel-course data.

The described arrangement comprises the trigger signal
generating means 1n place of the automatic guiding mode
switch of the first aspect of the above apparatus, and the
trigger signal, for reporting the timing of the inputting of the
new loading position, 1s outputted from the loader side,
whereby an action and effect similar to those of the first
aspect can be obtained.

In a third aspect of an apparatus for preparing travel-
course data for an unmanned dump truck according to the
present 1nvention, there 1s provided an apparatus, compris-
Ing:
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a loader controller, having attached thereto a trigger signal
generating means for generating a trigger signal for
reporting a calculation start timing of a new loading
position;

a loading position calculating means for calculating and
outputting the new loading position when 1nputting the
trigger signal; and

a course preparing means for preparing new travel-course
data based on the calculated new loading position and
the stored travel-course data;

wherein the automatic travel controller rewrites the stored

travel-course data as the new travel-course data.

In addition, the loading position calculating means can be
attached to either one of the loader controller and the
monitor controller. Further, the course preparing means can
be attached to either one of the monitor controller and the
automatic travel controller.

By the described arrangements, an action similar to that of
the automatic guiding mode switch can also be realized
when the trigger signal generating means 1s provided on the
loader controller side. That 1s, 1n the case where the course
preparing means 1s attached to the monitor controller, when
the trigger signal 1s transmitted from the loader controller to
the monitor controller, the course preparing means prepares
new travel-course data based on the loading position data,
etc., similar to the above first aspect. The new travel-course
data are transmitted from the monitor controller to the
automatic travel controller. In the case where the course
preparing means 1s attached to the loader controller, when
the loader controller inputs the trigger signal, the course
preparing means prepares new travel-course data similar to
the above description. The travel-course data are transmitted
from the loader controller to the automatic travel controller.
This improves the operability and operating efficiency. This
arrangement 1s particularly suitable for a case where the
loader repeats the operation 1in accordance with a predeter-
mined loading pattern, and can calculate the next new
loading position based on the loading pattern.

In a fourth aspect of an apparatus for preparing travel-
course data for an unmanned dump truck according to the
present invention, there 1s provided an apparatus for prepar-
ing travel-course data for an unmanned dump truck in an
unmanned dump truck operating system including a course
data storage device for storing travel-course data of an
unmanned dump truck traveling on a previously set travel
course, loading a load by a loader at a loading position, and
unloading the load; and an automatic travel controller for
controlling the unmanned dump truck, the apparatus com-
prising:

a loader controller having attached thereto a position
measuring means for measuring a current position of
the loader and an automatic guiding mode switch for
sclecting a mode of automatically traveling the
unmanned dump truck to a new loading position, for
transmitting by radio the current position and the mode
selection; and

a course preparing means attached to the automatic travel
controller for preparing new travel-course data based
on the new loading position and the stored travel-
course data by regarding the current position as the new
loading position when inputting a signal of the mode
selection,

wherein the automatic travel controller rewrites the stored
travel-course data as the new travel-course data.

In the arrangement, with respect to the first aspect of the

above apparatus, the monitor station is not provided in the
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operating system, or the monitor controller, etc., are not
provided on the monitor station. Therefore, the operation of
the automatic guiding mode switch 1s performed by an
operator of the loader. By this arrangement, an action and
cifect similar to those of the first aspect can also be obtained.

In a fifth aspect of an apparatus for preparing travel-
course data for an unmanned dump truck according to the
present 1nvention, there 1s provided an apparatus, compris-
Ing:

a loader controller having attached thereto a position
measuring means for measuring a current position of
the loader and a trigger signal generating means for
generating a trigger signal for reporting that the loader
1s on a new loading position; and

a course preparing means for preparing new travel-course
data based on the new loading position and the stored
travel-course data by regarding the current position as
the new loading position when receiving the trigger
signal,

wherein the automatic travel controller rewrites the stored
travel-course data as the new travel-course data.

In addition, the course preparing means can be attached to
cither one of the loader controller and the automatic travel
controller.

Although the monitor station or the monitor controller 1s
not provided 1n the described arrangements with respect to
the second aspect of the apparatus, a stmilar action and etfect
can be obtained.

In a sixth aspect of an apparatus for preparing travel-
course data for an unmanned dump truck according to the
present mvention, there 1s provided an apparatus, compris-
Ing:

a loader controller, having attached thereto a trigger signal
generating means for generating a trigger signal for
reporting calculation start timing of a new loading
position;

a loading position calculating means for calculating and
outputting the new loading position when inputting the
trigger signal; and

a course preparing means for preparing new travel-course
data based on the calculated new loading position and
the stored travel-course data;

whereln the automatic travel controller rewrites the stored

travel-course data as the new travel-course data.

In addition, the course preparing means can be attached to
either one of the loader controller and the automatic travel
controller. Further, the loading position calculating means 1s
attached to either one of the loader controller and the
automatic travel controller.

In the described arrangements, the monitor station or the
monitor controller 1s not provided, and the arrangements are
particularly useful for a case where the loader repeats the
operation 1n accordance with a predetermined loading pat-
tern. That 1s, when the trigger signal 1s transmitted from the
loader controller to the loading position calculating means,
the loading position calculating means calculates the next
new loading position based on the loading pattern. The
course preparing means, mputting the new loading position
data similar to the above description, prepares new travel-
course data. The automatic travel controller, mnputting the
travel-course data, rewrites the travel-course data stored in
the course data storage device, as the new travel-course data.
By the above description, the operability and operating
efficiency are improved.

In the second, third, fifth and sixth aspects of the above
apparatus, the trigger signal generating means can comprise
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an operating condition detecting means for detecting oper-
ating conditions of the loader, and a trigger generation
judging means for judging whether or not the inputted
detected operating conditions satisfy a predetermined
condition, and when satisfying, for outputting the trigger
signal.

By the described arrangement, the trigger generation
judging means inputs operating conditions, such as the
position, the load, the loading weight, and the current
position of the loader from the operating condition detecting
means, and outputs the trigger signal when these operating
conditions satisty predetermined conditions. Therefore, the
operator does not have to judge the operating condition, thus
improving the operability.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a functional block diagram of an apparatus for
preparing travel-course data for an unmanned dump truck
according to a first embodiment of the present invention;

FIG. 2 1s an 1llustration of coordinate systems of a course,
an unmanned dump truck, and a loader in an operating
system according to the first embodiment;

FIG. 3 1s a block diagram showing a detailed arrangement
of the unmanned-dump truck side of the first embodiment;

FIG. 4 1s a flowchart for preparing a travel course accord-
ing to the first embodiment;

FIG. 5 1s an illustration of an amount of movement of a
loading position of the first embodiment;

FIG. 6 1s an 1llustration of the coordinate conversion of
the unmanned dump truck and the loader of the first embodi-
ment,

FIG. 7 1s an 1llustration of an action of a course preparing,
means of the first embodiment;

FIG. 8 1s another 1llustration of the action of the course
preparing means of the first embodiment;

FIG. 9 1s a flowchart for preparing another travel course
according to the first embodiment;

FIG. 10 1s a functional block diagram of the apparatus for
preparing travel-course data for the unmanned dump truck
according to a second embodiment of the present invention;

FIG. 11 1s a functional block diagram of the apparatus for
preparing travel-course data for the unmanned dump truck
according to a third embodiment of the present invention;

FIG. 12 1s a block diagram of a trigger signal generating,
means of the third embodiment;

FIG. 13 15 a side view of a wheel loader for explaining the
trigger signal generating means of the third embodiment;

FIG. 14 1s a detailed block diagram of FIG. 12;

FIG. 15 1s a functional block diagram of the apparatus for
preparing travel-course data for the unmanned dump truck
according to a fourth embodiment of the present invention;

FIG. 16 1s a functional block diagram of the apparatus for
preparing travel-course data for the unmanned dump truck
according to a fifth embodiment of the present invention;

FIG. 17 1s an 1illustration of an example of a loading
pattern of the fifth embodiment;

FIG. 18 1s a flowchart for preparing a travel course
according to the fifth embodiment;

FIG. 19 1s a functional block diagram of the apparatus for
preparing travel-course data for the unmanned dump truck
according to a sixth embodiment of the present invention;

FIG. 20 1s a flowchart for preparing a travel course of the
sixth embodiment:;
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FIG. 21 1s a functional block diagram of the apparatus for
preparing travel-course data for the unmanned dump truck
according to a seventh embodiment of the present invention;
and

FIG. 22 1s a functional block diagram of the apparatus for
preparing travel-course data for the unmanned dump truck
according to an eighth embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

The preferred embodiments according to the present
invention will be described in detail with reference to the
attached drawings.

A first embodiment will be described with reference to
FIGS. 1 t0 9. Referring to FIG. 1, a course preparing means
24, forming a main construction of the present nvention,
can be provided on either side of an unmanned dump truck
and a monitor station, and 1s shown 1n broken lines. On a
loader side, a position measuring means 11, for measuring a
current position of the loader, 1s connected to a loader
controller 13. The loader controller 13 always transmits a
current position of the loader through a radio device 12 to a
monitor controller 23. In the monitor station, an automatic
cuiding mode switch 25 1s connected to the monitor con-
troller 23. To the monitor controller 23, a first radio device
21, communicating with an automatic travel controller 6
(refer to FIG. 3) of the unmanned dump truck, and a second
radio device 22, communicating with the loader controller
13, are connected. In addition, when the course preparing
means 24 1s provided on the monitor station side, the course

preparing means 24 1s connected to the monitor controller
23.

On the unmanned dump truck side, a course data storage
device 1, for storing travel-course data, and a position
measuring means 2, for measuring a current position at the
time of the traveling, are provided. The automatic travel
controller 6 inputs stored course data from the course data
storage device 1, and the current position from the position
measuring means 2, compares both data, and outputs com-
mands of steering, vehicle speed, starting, and stopping to a
travel-control means 3 so as to reduce a deviation therebe-
tween. When providing the course preparing means 24 on
the unmanned dump truck side, the course preparing means
24 1s connected to the automatic travel controller 6. In
addition, 1n order to communicate with the monitor control-

ler 23, a radio device 8 1s connected to the automatic travel
controller 6.

The position measuring means 11 measures the current
position of the loader. FIG. 2 shows a system 1n which the
unmanned dump truck T and the loader L are in operation,
and an X-Y coordinate system of the loader L 1s assumed
within a horizontal plane 1n all areas where the loader L 1s
traveling. The position measuring means 11 measures the
current position by (X, Y) coordinates of this coordinate
system and an azimuth angle 0 to which a tooth of the bucket
of the loader L faces. As this method, for example, there 1s
a measuring system using a GPS which obtains (X, Y, 0)
coordinates by a global absolute position (latitude and
longitude). In addition, a measuring system can be adopted
in which a fixed radar station at a reference position 1s
provided outside the loader L, and the (X, Y, 0) coordinates
of relative positions are obtained by measuring the distance
and the azimuth from the fixed radar station.

The loader controller 13 1s a microcomputer system which
1s mainly composed of, for example, a microcomputer, and
always transmits through the radio device 12 to the monitor
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controller 23 the current position of the loader L, mputted
from the position measuring means 11. The automatic guid-
ing mode switch 25 selects, when the unmanned dump truck
T travels to the loading position, whether or not the
unmanned dump truck T automatically travels along the
travel course stored in the course data storage device 1.
When the automatic guiding mode 1s selected, an automatic
ouiding mode signal 1s inputted to the monitor controller 23.
The monitor controller 23 is, similar to the loader con-
troller 13, composed of a microcomputer system, etc. The
monitor controller 23 transmits and receives a system con-
trol signal and travel condition monitor information of the
unmanned dump truck T to and from the automatic travel
controller 6 of the unmanned dump truck T through the first
radio device 21. In addition, the monitor controller 23
receives the current position of the loader L from the loader
controller 13 through the second radio device 22.

The course preparing means 24, when the automatic
ouiding mode signal of the automatic guiding mode switch
25 1s inputted, regards the current position of the loader L as
a new loading position, and prepares a travel course to the
loading position and a travel course from the loading
position, using the new loading position data. When the
course preparing means 24 1s connected to the monitor
controller 23, the course preparing means 24 inputs the
above automatic guiding mode signal directly from the
monitor controller 23. The monitor controller 23 transmits
through the first radio device 21 to the automatic travel
controller 6 of the unmanned dump truck T the travel-course
data prepared by the course preparing means 24. On the
other hand, when the course preparing means 24 1s con-
nected to the automatic travel controller 6, the monitor
controller 23 transmits controller 23 transmits through the
first radio device 21 to the automatic running controller 6 the
current position of the loader L and the automatic guiding
mode signal.

FIG. 3 1llustrates a detailed arrangement of the unmanned
dump truck side. The course data storage device 1 stores a
travel course on which the unmanned dump truck T should
automatically travel, and at least travel-course data passing
through the loading position are stored therein. Since it 1s
necessary to rewrite the travel-course data passing through
the loading position, the course data storage device 1 1is
composed of a rewritable memory, such as a semiconductor
RAM, a floppy disc memory, and an IC card memory, etc.
Usually, a RAM of a battery. protected CMOS type and a
flash memory, etc., are adopted so that the storage contents
are not lost even 1f the power source of the storage device 1s
turned off. Incidentally, 1in this embodiment, a memory
which can easily replace a storage medium, such as an IC
card memory, 1s adopted so as to respond to free changes of
the travel course pattern on the system operation.

The position measuring means 2 measures the current
position of the unmanned dump truck T. As shown 1n FIG.
2, an X-y coordinate system of the unmanned dump truck T
1s assumed within a horizontal plane 1 all areas where the
unmanned dump truck T is traveling, and the current posi-
tion of the unmanned dump truck T is measured by (X, y)
coordinates 1n this coordinate system. The position measur-
ing means 2 1s composed of a travel distance detecting
means 31, for detecting the travel distance; a vehicle azi-
muth angle detecting means 52, for detecting the vehicle
azimuth angle; and a position calculating means 353, which
inputs the travel distance and the vehicle azimuth angle to
calculate an amount of movement on the x-y coordinates,
thereby calculating the relative position from the current
position. The travel distance detecting means 51 attaches a
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rotary sensor, such as a rotary detecting encoder, or an
clectromagnetic pickup, to a rotational shaft of the drive
wheels of the unmanned dump truck, counts the number of
pulses from the rotary sensor outputted in proportion to the
number of rotations of the drive wheels, and calculates the
travel distance from the counted value. In addition, the
vehicle azimuth angle detecting means 52 1s composed of,
for example, a gyro, and the position calculating means 53
1s composed of, for example, a microcomputer system.

The travel control means 3 receives a command from the
automatic travel controller 6, and controls an unmanned
traveling based on the command. The travel control means
3 1s composed of a steering control means 55, for automati-
cally controlling a steering angle of the unmanned dump
truck T; a vehicle speed control means 56, for controlling the
vehicle speed; and a starting/stopping-control means 57, for
controlling the starting and the stopping of the unmanned
dump truck T. The radio device 8 comprises a transmitter 61
and a receiver 62, and performs radio communication with
the radio device 21 of the monitor station.

The automatic travel controller 6 1s composed of a micro-
computer system, etc., stmilar to the other controllers, and
forms the main part for controlling the unmanned dump
truck T. The automatic travel controller 6 reads from the
course data, stored 1n the storage device 1, a travel course to
be automatically followed; compares the current position of
the unmanned dump truck T measured by the position
measuring means 2, and the above travel course; outputs a
command to the travel-control means 3, so that the deviation
therebetween 1s reduced; and performs travel control of
steering, vehicle speed, starting, and stopping. At the same
time, the automatic travel controller 6 transmits and receives
traveling condition monitor information of the unmanned
dump truck T and an operation control signal, to and from
the monitor controller 23.

In the case where the course preparing means 24 1s
attached to the automatic travel controller 6, the automatic
travel controller 6, when inputting the automatic guiding
mode signal of the automatic guiding mode switch 25, from
the monitor controller 23 through the radio device 8, outputs
to the course preparing means 24 the current position of the
loader L and the automatic guiding mode signal, mputted
through the radio device 8. The automatic travel controller
6 1nputs the travel-course data, prepared by the course
preparing means 24, and rewrites the travel-course data,
stored 1n the course data storage device 1, as the inputted
travel-course data.

Next, as regards a flow for automatically preparing a
travel course to a loading position and a travel course from
the loading position, a case where the course preparing
means 24 1s connected to the monitor controller 23 will be
first described. FIG. 4 shows a flowchart for automatically
preparing the travel course of this case. As shown 1n FIG. 2,
the unmanned dump truck T automatically moves along the
travel course, and stops at a stop point (point B) at an
entrance (hereinafter, referred to as a face entrance) to the
loading position after discharging loaded stones and rocks to
an earth removal field (point A) such as a shaft. While the
unmanned dump truck T 1s waiting for a starting instruction
from the monitor station, the travel course to the loading

position 1s automatically prepared in accordance with the
flow of FIG. 4.

(Step 101) It is judged whether or not the automatic
ouiding mode signal 1s mputted. When 1nputted, the proce-
dure advances to step 102. If not, the procedure skips to

HEND:E‘
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(Step 102) The current position of the loader L is inputted,
and the current position 1s regarded as the loading position.
The difference between the new loading position of this time
and the preceding loading position (hereinafter, referred to
as an amount of movement) is calculated by the loader
coordinate system. The amount of movement 1s represented
by (AX, AY, A0).

(Step 103) It is judged whether or not the absolute value
of the amount of movement 1s equal to or greater than a
reference value. When the reference value or greater, the
procedure advances to step 104. When less than the refer-
ence value, the procedure skips to “END”.

(Step 104) The new loading position is converted into
position data at the coordinate system of the unmanned
dump truck T, and travel-course data of predetermined zones
sandwiching the loading position are automatically pre-
pared.

(step 105) The travel-course data of the automatically
prepared zones are transmitted to the automatic travel con-
troller 6 of the unmanned dump truck T. The automatic
travel controller 6 rewrites the travel-course data, of the
predetermined zones in the travel-course data stored in the
course data storage device 1, as the above received travel-
course data.

After the travel course has been prepared and rewritten
following the above flow, or after the procedure has skipped
to “END” 1n the above flow, the automatic travel controller
6 receives the starting instruction from the monitor station,
and controls automatic traveling to the new loading position
along the automatically prepared travel course. Incidentally,
in each step of the above tlow, processing from step 101 to
step 103, and the transmission of the travel-course data to
the automatic travel controller 6 1n step 105 are performed
by the monitor controller 23. In addition, the processing of
step 104 1s performed by the course preparing means 24, and
the rewriting of the travel-course data in step 105 1s per-
formed by the automatic travel controller 6.

In step 102, the amount of movement (AX, AY, AO) of the
new loading position 1s obtained as follows. For example, as
shown 1n FIG. 5, the preceding loading position 1s taken as
(X1, Y1, 01), and the moved new loading position is taken
as (X2, Y2, 02). The amount of movement (AX, AY, A0O) at
this time 1s obtained by the expression “AX=X2-X1", the
expression “AY=Y2-Y1”, and the expression “A0=02-01".

When the moved new loading position 1s not separated
very Lar from the preceding loading position, the use of the
preceding travel course eliminates the necessity for calcu-
lating a new travel course. Thus, since a time for newly
preparing the travel course 1s not required, the time of the
loader L for awaiting the unmanned dump truck T at the
loading position 1s shortened. Therefore, 1n step 103, the
distance between the new loading position and the preceding
loading position 1s obtained as the absolute value of the
amount of movement (AX, AY, A0) obtained 1n step 102, and
it 15 judged whether or not the distance 1s a reference value
or greater. The reference value 1s a predetermined distance
and angle for this judgement.

Here, the conversion of the position data at the coordinate
system of the loader L into the position data at the coordinate
system of the unmanned dump truck T 1n step 104 will now
be described. FIG. 6 illustrates the relationship between
these two coordinate systems. Now, a distance between an
origin P of the X-Y coordinate system of the loader L and an
origin O of the x-y coordinate system of the unmanned dump
truck T is represented as (x,, y,) by the x-y coordinate
system, and an angle formed by two coordinates 1s taken as
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c.. In addition, the loading position 1s assumed to be repre-
sented as (X, Y,, 0,) by the X-Y coordinate system, and as
(X4, Y1, ;) by the x-y coordinate system. Here, 0, and ¢, are
assumed to represent directions to which a bucket of the
loader L faces, respectively, and they are represented by

angles formed by directional vector Q to which the bucket
faces with the X axis, and with the x axis of each of the

coordinate systems.

At this time, the relationship between (X, Y, 0,) and (x,
¥., §,), are represented by the following generally known
€XPressions:

(1)
(2)
(3)

X=X, CO8 O-Y, Sin a+x,
y1=X, sin a+Y; cos a+y,

In step 104, the x-y coordinates (X, y;, ¢,) 1s obtained
from the X-Y coordinates (X, Y, 0,) of the new loading
position based on the expressions (1), (2), and (3). Further,
the stop position of the loader L in relation to the unmanned
dump truck T at the loading position 1s determined in
advance, and from this relation and the above obtained x-y
coordinates (X;, y;, ¢;), the coordinates of the loading
position to which the unmanned dump truck T must advance
and the direction of the unmanned dump truck T at the
loading position can be calculated. In the case where the
loader L 1s an operating vehicle such as a wheel loader, the
position of a wheel loader L 1 relation to the unmanned
dump truck T 1s determined, as shown i FIG. 7, for
example. That 1s, 1t 1s assumed that the unmanned dump
truck T stops at the position separated from the position of
the wheel loader L by x, on the x-coordinate, and y, on the
y-coordinate in the direction (x,, v, ¢;) perpendicular to the
direction (X;, ¥4, ¢,) of the wheel loader L. At this time, the
position (X, V, ¢,;) of the unmanned dump truck T can be
obtained by the expressions “x =x,-X5", “y =y,+y, , and
“0 =0 ,—90 degrees”, respectively.

In addition, when the loader L 1s a digging machine, such
as a power shovel, the position of the digging machine R de
relation to the unmanned dump truck T 1s determined, as
shown 1n FIG. 8, for example. Similar to the above
description, it 1s assumed that the unmanned dump truck T
stops at the position separated from the position of the
digging machine R by x, on the x-coordinate and y, on the
y-coordinate in the direction (x, y,; ¢, parallel to the
direction (x,, ¥4, ¢,) of the bucket of the digging machine R.
At this time, the position (X, y;, ¢, of the unmanned dump
truck T can be similarly obtained by the expressions “x =
X,:—Xo , V. ~=Y,:+Y, and “¢ _=¢,”, respectively. Incidentally,
the values of the above distances x, and y, are set In
consideration of traveling errors of the unmanned dump
truck T, generated at the time of automatically traveling to
the new loading position, and the size of the body of the
unmanned dump truck T.

After the coordinates of the loading position, to which the
unmanned dump truck T must advance, and the direction of
the unmanned dump truck T, at the loading position, have
been calculated 1n such a manner as described above, travel
courses of predetermined zones sandwiching the loading
position are prepared, based on the loading position and the
direction. In this embodiment, advancing course data from
the face entrance B into the loading position C, and travel-
course data from the loading position C to a shaft entrance
D are prepared.

The automatic preparation of the travel-course data can be

performed by assuming 1n advance a travel pattern of the
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course of the unmanned dump truck T advancing into the
loading position C. For example, when the unmanned dump
truck T advances 1nto the loading position C, 1t 1s assumed
that the dump truck always advances 1n reverse and by a
linear course K2, as shown 1 FIG. 7. In addition, when
traveling from the face entrance C to advance 1nto the course
K2, it 1s assumed that the dump truck travels in accordance
with the course K1 along the perimeter of a circle tangent to
the course K2, and changes its direction from forward to
reverse. At this time, a linear expression of the course K2
can be obtained, based on the above loading position and the
direction ¢d of the unmanned dump truck T at the loading
position; and the expression of the course K1 can be
obtained, based on the linear expression and the coordinate
data of the face entrance B. Coordinates for each predeter-
mined distance on the courses K1 and K2 are obtained by
these expressions, and they are taken as travel-course data.
Similarly, by determining the travel course from the loading
position C to the shaft entrance D to a certain travel pattern
in advance, the travel course from the loading position C can
be automatically prepared.

In step 105, the travel-course data automatically prepared
in this way are transmitted to the automatic travel controller
6. The automatic travel controller 6 rewrites the above
predetermined zones, 1n the travel-course data stored in the
course data storage device 1, as the received travel-course
data.

By the above description, the preparation and the rewrit-
ing of the new travel course associated with the movement
of the loading position to the new position are completed;
and, thereafter, the unmanned dump truck T can wait for the
starting command from the monitor station, and travel
automatically along the new travel course.

The flow of automatic preparation of the course data when
the course preparing means 24 1s connected to the monitor
controller 23 has been described above. Next, a case where
the course preparing means 24 1s connected to the automatic
travel controller 6 will be described. In the flow of FIG. 9,
the unmanned dump truck T, similar to the above
description, stops at the face entrance B to await the starting
instruction from the monitor station. During this period of
time, the travel course to the loading position 1s automati-
cally prepared 1n accordance with the following tflowchart.

Since step 111 to step 114 are the same as the above-
described steps 101 to 104, their description will be omitted.

In step 115, the automatic travel controller 6 nputs the
automatically prepared travel-course data from the course
preparing means 24, and rewrites travel-course data of
predetermined zones, 1n the travel-course data stored in the
course data storage device 1, as the above inputted travel-
course data.

The processing flow, after the travel course has been
prepared and rewritten in accordance with the above flow or
after the procedure has skipped to “END?, 1s the same as that
as described above. Incidentally, as regards the processing of
cach step, the monitor controller 23 performs 1n step 111, the
automatic travel controller 6 performs 1n steps 112, 113, and
115, and the course preparing means 24 performs 1n step
114.

In this example, since the course preparing means 24 1s
connected to the automatic travel controller 6, the automatic
travel controller 6 inputs the travel-course data of the
automatically prepared zones directly from the course pre-
paring means 24. In addition, similar to the above
description, the automatic travel controller 6 rewrites the
travel-course data stored 1n the course data storage device 1,
as the mputted travel-course data.
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Next, a second embodiment will be described. In this
embodiment, as shown in FIG. 10, the course preparing
means 24 1s connected to the automatic travel controller 6 of
the unmanned dump truck T, the automatic guiding mode
switch 25 1s connected to the loader controller 13, and the
monitor station 1s not provided. The function of each con-
stituting means 1s substantially the same as that of the first
embodiment; but as regards the loader controller 13 and the
automatic travel controller 6, the differences from the first
embodiment will be described.

The loader controller 13 always transmits the current
position of the loader L, measured by the position measuring,
means 11, to the automatic travel controller 6 through the
radio device 12. The automatic travel controller 6, when
receiving an automatic guiding mode signal of the automatic
cuiding mode switch 25, regards the current position of the
loader L, received through the radio device 8, as the loading
position. The automatic travel controller 6 outputs the load-
ing position data to the course preparing means 24, and
inputs travel-course data to a new loading position prepared
by the course preparing means 24. Then, the automatic travel
controller 6 rewrites the travel course 1n the course data
storage device 1, as the travel-course data for the above new
loading position.

The tlowchart for automatically preparing the course data
in this case 1s the same as that shown in FIG. 9 of the first
embodiment. In this embodiment, however, as regards the
processing of each step i this flow, the automatic travel
controller 6 performs 1n steps 111, 112, 113, and 115, and the
course preparing means 24 performs 1n step 114. The content
of each processing step and the action are the same as those
of FIG. 9. Incidentally, since the monitor station i1s not
provided, the starting command of the unmanned dump
truck T from the face entrance B can be judged by the
automatic travel controller 6 to start automatically after the
rewriting of the travel-course data.

Next, a third embodiment will be described. In this
embodiment, a means equivalent to the automatic guiding
mode switch 25, such that it generates a trigger signal for
inputting the current position of the loader L as a new
loading position, 1s provided on the loader side. Referring to
FIG. 11, a trigger signal generating means 15 1s connected
to the loader controller 13, and the course preparing means
24 1s connected to the monitor controller 23. The constitut-
Ing means excepting the trigger signal generating means 15
are the same as those described above, and the trigger signal
generating means 15 will now be described 1n detail.

The trigger signal generating means 15 generates a trigger
signal for reporting the timing of the inputting of a new
loading position. The trigger signal generating means 15 can
be composed of, for example, a trigger generation judging,
means 16 and an operating condition detecting means 17, as
shown 1n FIG. 12. The operating condition detecting means
17 detects operating conditions of the loader L, and can be
composed of, for example, an operating machine position
detecting means 18 and a load weight detecting means 19.
The operating machine position detecting means 18 detects
the position of the operating machine of the loader L, and
outputs an operating machine position signal. The load
welght detecting means 19 detects a load weight 1n the
bucket of the loader L, and outputs a load weight signal. The
frigger generation judging means 16 inputs operating con-
dition signals, 1.€., the above operating machine position
signal and the load weight signal, judges whether or not
these signals satisly predetermined conditions, and when
satistying, outputs a trigger signal.

Now, a case 1s considered where the loader L 1s a wheel
loader L, such as shown 1n FIG. 13. In order to improve the
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operability for an operator, the trigger signal 1s automatically
cgenerated when the wheel loader L arrives at a new loading
position, and a bucket 70 and a lift arm 71 take predeter-
mined loading attitude. The operating condition detecting
means 17 for this purpose can be constructed, as shown in
FIG. 14, for example.

The operating machine position detecting means 18 1s
composed of a bucket angle detector 18a and a lift arm angle
detector 18b. The bucket angle detector 18a and the lift arm
angle detector 18b are potentiometers for detecting an
operating angle of the bucket 70 and an operating angle of
the lift arm 71, respectively. In addition, the load weight
detecting means 19 1s composed of a weight calculating
means 19a and a lift cylinder pressure detector 19b. The Iift
cylinder pressure detector 195 detects the pressure 1 an
extension chamber of a lift cylinder 72 for actuating a lift
arm 71. The weight calculating means 19a calculates the
magnitude of the load loaded on the lift cylinder 72 by a
pressure signal from the lift cylinder pressure detector 195b.
The weight calculating means 19a obtains the difference
between the loads loaded on the lift cylinder 72 at the time
of loading based on the difference between the above
pressure signal at the time of loading to the bucket 70 and
the previously inputted pressure signal at the time of no load,
and calculates the load weight 1n the bucket 70.

At this time, the trigger generation judging means 16
judges whether or not the angle signals 1nputted from the
bucket angle detector 184 and the lift arm angle detector 185
are within the range of the angle equivalent to the angle at
the time of loading attitude. In addition, the trigger genera-
tion judging means 16 inputs the load weight signal from the
welght calculating means 194, and judges whether or not the
load weight 1s larger than a predetermined value. When both
of the above two judgements are atfirmed, it can be judged
that the wheel loader L 1s 1n the loading condition and is
standing by in the loading attitude, so that the trigger
ogeneration judging means 16 generates the trigger signal. In
this way, the trigger signal 1s automatically generated when
the wheel loader L arrives at the new loading position and
takes a predetermined loading attitude.

The flow for automatically preparing the travel course to
the loading position 1n this embodiment 1s the same as that
of FIG. 4 excepting step 101. In step 201 of this
embodiment, corresponding to step 101, 1t 1s judged whether
or not the trigger signal (equivalent to the automatic guiding
mode signal) is inputted. When inputted, the procedure
advances to step 102. If not, the procedure skips to “END”.

By the arrangements as described above, when the trigger
signal generating means 15 generates the trigger signal, the
loader controller 13 transmits the trigger signal to the
monitor controller 23 through the radio device 12. The
monitor controller 23, when receiving the trigger signal
through the radio device 22, regards the current position of
the loader L as a new loading position, and outputs the
loading position data to the course preparing means 24.
Thereafter, similar to the above description, the course
preparing means 24 prepares new travel-course data based
on the loading position data. The travel-course data 1is
transmitted from the monitor controller 23 to the automatic
travel controller 6 via the radio device 21. In addition, the
automatic travel controller 6 rewrites the travel-course data,
stored 1n the course data storage device 1, as the received
new travel-course data.

In this way, according to this embodiment, it 1s judged by
the operating condition of the loader L whether or not the
loader L 1s standing by at the loading position, and when
standing by, the trigger signal 1s automatically outputted,
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whereby the loading position 1s inputted, so that the oper-
ability for the operator can be improved. Incidentally, the
trigger signal generating means 15 can be not only a means
for automatically generating the trigger signal when the
operating conditions satisfy the predetermined conditions,
but also an input switch similar to the automatic guiding
mode switch 25 of the first embodiment. In this case, the
operator of the loader L judges the loading position to
operate this switch, whereby the trigger signal (equivalent to
the automatic guiding mode signal) is outputted.

A fourth embodiment will now be described with refer-
ence to FIG. 15. In this embodiment, the course preparing
means 24 1s connected to the loader controller 13 or the
automatic travel controller 6, and the monitor station 1S not
provided.

First, a case will be described where the course preparing,
means 24 1s connected to the loader controller 13. The
trigger signal generating means 15 1s connected to the loader
controller 13, and the functions of other constituting means
are the same as those of the above description. The flowchart
for automatically preparing the travel course 1s the same as
that of FIG. 4. In this flow, however, the transmission of the
travel-course data to the automatic travel controller 6 in
steps 101 to 103, and 105 i1s performed by the loader
controller 13, and 1n step 104, the course preparing means 24
performs the processing. In addition, the rewriting of the
travel-course data 1n step 105 1s performed by the automatic
travel controller 6.

By the arrangements as described above, the loader con-
troller 13, when mputting the trigeer signal from the trigger
signal generating means 15, outputs the trigger signal to the
course preparing means 24. In addition, the loader controller
13 transmits the new travel-course data prepared by the
course preparing means to the automatic travel controller 6
through the radio device 12. The automatic travel controller
6 rewrites the travel-course data, stored in the course data
storage device 1, as the received travel-course data. In this
way, the travel-course data can be automatically prepared
and rewritten.

On the other hand, when the course preparing means 24
1s connected to the automatic travel controller 6, the flow-
chart for automatically preparing the travel course 1s the
same as that of FIG. 9. In this flow, however, steps 111 to
113, and 115 are performed by the automatic travel control-
ler 6, and step 114 1s performed by the course preparing
means 24. In step 111, the trigger signal 1s transmitted from
the loader controller 13 to the automatic travel controller 6,
and the automatic travel controller 6 1nputs and processes
this trigger signal in accordance with step 111. In addition,
since the course preparing means 24 i1s connected to the
automatic travel controller 6, 1n step 115 the automatic travel
controller 6 inputs the travel-course data of the automati-
cally prepared zone directly from the course preparing
means 24. Then, the automatic travel controller 6 rewrites
the travel-course data stored i1n the course data storage
device 1, as the mputted travel-course data.

In this way, the trigger signal 1s automatically outputted
when the loader L 1s standing by at the loading position, so
that the operability for the operator can be improved.

Next, a fifth embodiment will be described. In this
embodiment, the loader L repeats a loading operation in
accordance with a predetermined loading pattern, and the
next new loading position can be calculated based on the
loading pattern. Referring to FIG. 16, the trigger signal
generating means 135 1s connected to the loader controller 13,
and the course preparing means 24 1s connected to the
monitor controller 23. The functions of the constituting
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means, excepting a loading position calculating means 26,
are the same as those of the above-described embodiments.
The loading position calculating means 26 obtains the
loading position by calculation 1n place of the position
measuring means 11 of the loader L, and 1s composed of, for
example, a microcomputer, etc. Therefore, 1t can be con-
structed by sharing the microcomputer of the loader con-
troller 13.

The loading position calculating means 26 obtains the
loading position by calculation with the following method.
For example, 1t 1s assumed that the loader L repeats the
loading operation 1n accordance with a predetermined load-
ing pattern shown 1n FIG. 17. The loader L, after quarrying
at a quarrying point S1, travels to a switchback pomt J1 1n
reverse along a travel course M1 of a predetermined pattern,
and then travels to a loading position C1 1n forward along a
travel course N1 of a predetermined pattern. The loader L
repeatedly travels on the same course until it moves to a new
quarrying point S2.

When moving to the new quarrying point S2, the loader
L 1s assumed to travel by changing the loading position to a
new loading position C2 corresponding to the quarrying
point S2. That 1s, the loader L travels from the quarrying
point S1 to the switchback point J1 in reverse along M1,
advances 1nto N2 in forward via the next switchback point
J2 1 succession, and travels to the new loading position C.
At this time, 1t 18 assumed that the travel courses M2 and N2
move parallel to M1 and N1 by a predetermined distance AC
in a predetermined direction 1n accordance with a predeter-
mined pattern. This allows the new travel courses M2 and
N2 to be obtained by calculation and at the same time,
allows the new loading position C2, the switchback point J2,
and the quarrying point S2 to be obtained by calculation.

The flow for automatically preparing the travel course of
this embodiment will be described with reference to the
flowchart of FIG. 18. Advancing of the unmanned dump
truck T 1nto the flow of FIG. 18 while stopping at the face
entrance B to await the starting instruction from the monitor
station, and automatic travel of the unmanned dump truck T
to the new loading position along the automatically prepared
travel course upon receipt of the starting instruction from the
monitor station after the flow processing, etc., are the same
as 1 the above description.

(Step 121) It is judged whether or not the trigger signal is
mputted. When iputted, the procedure advances to step
122. If not, the procedure skips to “END”.

(Step 122) The next loading position of the loader L is
calculated based on a loading pattern, and the amount of
movement 1s calculated by the loader coordinate system.

(Step 123) It is judged whether or not the absolute value
of the amount of movement 1s the reference value or greater.
When the reference value or greater, the procedure advances
to step 124. When less than the reference value, the proce-
dure skips to “END”.

(Step 124) The new loading position is converted into
position data at the coordinate system of the unmanned
dump truck T; and the travel-course data, of predetermined
zones sandwiching the loading position, are automatically
prepared.

(Step 125) The automatic travel controller 6 inputs the
above automatically prepared travel-course data directly
from the course preparing means 24, and rewrites the
travel-course data of the above zones, 1n the travel-course
data stored 1n the course data storage device 1, as the above
mnputted travel-course data.

Incidentally, when the loading position calculating means
26 1s connected to the loader controller 13, the loader
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controller 13 performs the processing in step 121, and the
loading position calculating means 26 performs the process-
ing 1n step 122. The processing of step 123 and the trans-
mission of the travel-course data to the automatic travel
controller 6 1n step 125 are performed by the monitor
controller 23, and the processing of step 124 1s performed by
the course preparing means 24. In addition, the rewriting of
the travel-course data i1n step 105 1s performed by the
automatic travel controller 6.

In this way, the loader controller 13, when inputting the
tfrigger signal from the trigger signal generating means 135,
outputs the trigger signal to the loading position calculating
means 26. The loading position calculating means 26, when
inputting the trigger signal, calculates the next loading
position based on the loading pattern. The calculated new
loading position data 1s transmitted from the loader control-
ler 13 to the monitor controller 23 through the radio device
12, and 1s mputted to the course preparing means 24. The
course preparing means 24 prepares new travel-course data
to the loading position based on the loading position data.
Successively, the travel-course data are transmitted to the
automatic travel controller 6, and, thereafter, the automatic
fravel controller 6 rewrites the travel-course data to the
loading position stored 1n the course data storage device 1,
as the prepared travel-course data.

In addition, when the loading position calculating means
26 1s connected to the monitor controller 23, the processing,
of steps 121 and 123 and the transmission of the travel-
course data to the automatic travel controller 6 1n step 125
are performed by the monitor controller 23. The loading
position calculating means 26 performs the processing in
step 122, and the course preparing means 24 performs the
processing 1n step 124. In addition, the rewriting of the
travel-course data in step 105 1s performed by the automatic
travel controller 6.

In this way, the loader controller 13, when mputting the
trigger signal from the trigger signal generating means 185,
fransmits the trigger signal to the monitor controller 23
through the radio device 12. The monitor controller 23
outputs the trigger signal to the loading position calculating
means 26. The loading position calculating means 26, when
inputting the trigger signal, calculates the next loading
position based on the loading pattern in such a way as
described above. Then, the calculated new loading position
data are inputted from the monitor controller 23 directly to
the course preparing means 24. The course preparing means
24, similar to the above description, newly prepares travel-
course data based on the loading position data. The travel-
course data are transmitted to the automatic travel controller
6; and, thereafter, the automatic travel controller 6 rewrites
the travel-course data 1n the course data storage device 1, as
the prepared travel-course data.

Here, the loading position calculating means 26 can
calculate a new loading position with the timing of trigger
signal generation from the trigger signal generating means
15, even 1if the loader L does not arrive at the loading
position. Therefore, the trigger signal generating means 15
can be, for example, a means having a construction as shown
in FIG. 13. By this, even before the loader L arrives at the
loading position, when the load weight 1s a predetermined
value or greater, and the lift arm angle and the bucket angle
are predetermined angles or greater, the travel-course data to
the loading position can be automatically prepared by dis-
patching the trigger signal. As a result, the waiting time of
the loader L at the loading position 1s shortened, so that the
operating efficiency can be improved.

Next, a sixth embodiment will be described. In this
embodiment, as shown in FIG. 19, the loading position
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calculating means 26 1s connected to the monitor controller
23, and the course preparing means 24 1s connected to the
automatic travel controller 6. Other arrangements are the
same as those of the fifth embodiment. The flow for auto-
matically preparing the travel course of this embodiment
will be described with reference to the flowchart shown 1n
FIG. 20. The processing before and after this flow 1s also
similar to the above description.

(Step 131) It is judged whether or not the trigger signal 1s
inputted. When inputted, the procedure advances to step

132. If not, the procedure skips to “END”.
(Step 132) The next loading position of the loader L is

obtained by calculation based on a loading pattern. The
amount of movement, which 1s the difference between the
preceding position and the next position, 1s calculated by the
loader coordinate system.

(Step 133) It is judged whether or not the absolute value
of the amount of movement 1s the reference value or greater.
When the reference value or greater, the procedure advances
to step 134. When less than the reference value, the proce-

dure skips to “END”.

(Step 134) The new loading position is converted into
position data at the coordinate system of the unmanned
dump truck T, and the travel-course data of predetermined
zones sandwiching the loading position are automatically
prepared.

(Step 135) The travel-course data of the automatically
prepared zones are transmitted to the automatic travel con-
troller 6 of the unmanned dump truck T. The automatic
travel controller 6 rewrites the travel-course data of the
predetermined data 1n the travel-course data stored in the
course data storage device 1, as the above received travel-
course data.

Incidentally, 1in steps 131 and 133, the monitor controller
23 performs the processing, and in step 132, the loading
position calculating means 26 performs the processing. In
addition, the course preparing means 24 performs the pro-
cessing 1n step 134, and the automatic travel controller 6
performs the processing 1n step 1335.

In this way, the loader controller 13, when 1nputting the
trigger signal from the trigger signal generating means 135,
transmits the trigger signal to the monitor controller 23
through the radio device 12. The monitor controller 23
outputs the trigger signal to the loading position calculating
means 26. The loading position calculating means 26, when
inputting the trigger signal, calculates the next loading
position based on the loading pattern as 1n the fifth embodi-
ment. Then, the calculated new loading position data are
transmitted from the monitor controller 23 to the automatic
travel controller 6 via the radio device 21. The automatic
travel controller 6 outputs the received new loading position
data directly to the course preparing means 24. The course
preparing means 24 newly prepares travel-course data to the
loading position based on the loading position data.
Successively, the automatic travel controller 6 rewrites the
travel-course data 1n the course data storage device 1, as the
prepared travel-course data.

Next, a seventh embodiment will be described. In this
embodiment, as shown in FIG. 21, the loading position
calculating means 26 1s connected to the loader controller
13, and the course preparing means 24 1s connected to the
loader controller 13 or to the automatic travel controller 6.
The trigger signal generating means 15 1s connected to the
loader controller 13. In this case, the monitor controller 23
of FIG. 19 may not be provided, and other arrangements are
the same as those of the fifth embodiment.

First, when the course preparing means 24 1s connected to
the loader controller 13, the flow for automatically preparing
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the travel course 1s the same as that of FIG. 18. In this flow,
however, the loader controller 13 performs the processing in
steps 121 and 123, the loading position calculating means 26
performs the processing 1n step 122, the course preparing,
means 24 performs the processing i1n step 124, and the
automatic travel controller 6 performs the processing in step
125, respectively.

In this way, the loader controller 13 inputs the trigger
signal from the trigger signal generating means 15, and
outputs to the loading position calculating means 26. The
loading position calculating means 26, when inputting the
trigger signal, calculates the next loading position based on
the loading pattern. The course preparing means 24 newly
prepares travel-course data based on the calculated new
loading position data, and transmits to the automatic travel
controller 6. Thereafter, the automatic travel controller 6
rewrites the travel-course data, stored in the course data
storage device 1, as the prepared travel-course data.

On the other hand, when the course preparing means 24
1s connected to the automatic travel controller 6, the flow for
automatically preparing the travel course 1s the same as that
of FIG. 20. In this flow, however, the loader controller 13
performs the processing 1n step 131, the loading position
calculating means 26 performs the processing in step 132,
the automatic travel controller 6 performs the processing in
steps 133 and 135, and the course preparing means 24
performs the processing 1n step 134, respectively.

In the described case, the loader controller 13, when
inputting the trigger signal from the trigger signal generating
means 15, outputs the trigger signal to the loading position
calculating means 26. The loading position calculating
means 26, when mputting the trigger signal, calculates the
next loading position based on the loading pattern. The
calculated new loading position data are transmitted to the
automatic travel controller 6 and outputted to the course
preparing means 24. The course preparing means 24 newly
prepares travel-course data based on the loading position
data. Thereafter, the automatic travel controller 6 rewrites
the data in the course data storage device 1, as the prepared
travel-course data.

Next, an eighth embodiment will be described. In this
embodiment, as shown in FIG. 22, the loading position
calculating means 26 and the course preparing means 24 are
connected to the automatic travel controller 6. In this case,
the monitor controller may not be provided, and other
arrangements are the same as those of the fifth embodiment.
The flow for automatically preparing the travel course 1s the
same as the flow of FIG. 20. In this flow, however, the
automatic travel controller 6 performs the processing in
steps 131, 133, and 135, the loading position calculating
means 26 performs the processing i1n step 132, and the
course preparing means 24 performs the processing in step
134, respectively.

By the described arrangements, the loader controller 13
inputs the trigger signal from the trigger signal generating
means 15, and transmits to the automatic travel controller 6.
The loading position calculating means 26 1nputs the trigger
signal from the automatic travel controller 6, and calculates
the next loading position based on the loading pattern. The
automatic travel controller 6 outputs the calculated new
loading position data to the course preparing means 24, and
the course preparing means 24 newly prepares travel-course
data based on the loading position data similar to the above
description. Thereafter, the automatic travel controller 6
rewrites the travel-course data, in the course data storage
device 1, as the prepared travel-course data.

As described 1n the above fifth to eighth embodiments,
when the loader L repeats a loading operation in accordance
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with a predetermined loading pattern, the next new loading
position 1s calculated based on the loading pattern with a
timing of the generation of the trigger signal from the trigger
signal generating means 15 of the loader L. And, travel-
course data 1s automatically prepared using the calculated
loading position data. Thus, the travel-course data can be
automatically prepared before the loader L arrives at the
loading position, thereby reducing the waiting time of the
loader L at the loading position.

Incidentally, as will be understood from the foregoing
description, the number of the operating unmanned dump
truck T and the loader L 1n the operation system 1s not
particularly limited. Therefore, even 1if a plurality of
unmanned dump trucks T and loaders L are provided, the
above-described actions and effects do not change.

According to the present mnvention as described above 1n
detail, even if the loader frequently changes the loading
position 1n the unmanned dump truck operating system,
fravel-course data can easily be automatically prepared
without teaching the travel course to the loading position
cach time the loading position 1s changed, so that the
operability and operating efficiency for an operator can be
improved. In addition, when the operating conditions of the
loader satisty predetermined conditions, the trigger signal 1s
automatically generated from the trigger generating means,
and the loading position can be mputted or calculated with
the timing of the trigger signal without depending on the
judgment and operation by the operator, thus improving the
operability for the operator. Further, when the loading opera-
fion 1s repeated 1n accordance with the loading pattern, the
travel-course data can be automatically prepared before the
loader arrives at the loading position, so that the waiting
time of the loader at the loading position i1s reduced,
whereby operational efficiency of the entire system can be
improved.

INDUSTRIAL APPLICABILITY

The present invention 1s useful as a method and an
apparatus for preparing travel-course data for an unmanned
dump truck, which can automatically prepare travel-course
data with ease, improve the operability and operating
eficiency, and reduce a waiting time of a loader at a loading
position, to 1mprove operational efficiency of the entire
system when a loading operation 1s repeated by a predeter-
mined pattern.

We claim:

1. A method which comprises the steps of:

storing travel-course data representing a set travel course;

travelling an unmanned dump truck on the set travel

course represented by the thus stored travel-course
data;

using a loader to load a load onto said unmanned dump
truck at a loading position provided on said set travel
course represented by said thus stored travel-course
data;

unloading said load from said unmanned dump truck by
travelling said unmanned dump truck on said set travel

course represented by said thus stored travel-course
data;

whenever said loading position 1s changed to a new
loading position, automatically ascertaining position
coordinate data for the new loading position;

automatically calculating new travel-course data for a
new set travel course for said unmanned dump truck,
based on position coordinate data for said new loading
position and said thus stored travel-course data; and
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rewriting said thus stored travel-course data with the
automatically calculated new ftravel-course data to
thereby provide new thus stored travel-course data.

2. Amethod 1n accordance with claim 1, wherein said step
of automatically ascertaining the position coordinate data for
the new loading position comprises using GPS to determine
said position coordinate data for the new loading position.

3. Amethod 1n accordance with claim 1, wherein said step
of automatically ascertaining the position coordinate data for
the new loading position comprises using a fixed radar
station, provided at a reference position outside of said
loader, to determine said position coordinate data for the
new loading position.

4. An unmanned dump truck operating system which
COMPrises:

an unmanned dump truck;

a course data storage device for storing travel-course data
representative of a set travel course for said unmanned
dump truck;

an automatic travel controller, provided on said unmanned
dump truck, for controlling said unmanned dump truck
so as to travel along said set travel course represented
by said stored travel-course data 1n said course data

storage device;

a loader for loading a load onto said unmanned dump
truck at a loading position provided on said set travel
COUISE;

a position measuring means for automatically ascertain-
ing position coordinates of a current position of said

loader;

a loader controller for automatically receiving from said
position measuring means the position coordinates of
said current position of said loader;

an 1nitiation device for generating an 1nitiation signal to
Initiate preparation of a new set travel course; and

a course preparing means for automatically preparing new
travel-course data, based on a new loading position and
said stored travel-course data, by regarding said current
position of said loader as said new loading position
when said 1nitiation signal 1s generated by said initia-
tion device;

wherein said automatic travel controller rewrites, 1n said
course data storage device, said stored travel-course
data with the automatically prepared new travel-course
data to thereby provide new thus stored travel-course
data.
5. An unmanned dump truck operating system 1n accor-
dance with claim 4, further comprising:

a first radio device at said loader; and
a second radio device at said unmanned dump truck;

wherein said first and second radio devices provide radio
communications between said loader controller and

said automatic travel controller of monitored travel
condition mnformation and an operating control signal.

6. An unmanned dump truck operating system 1n accor-
dance with claim 5, wherein said first and second radio
devices also provide radio communications between said
loader controller and said automatic travel controller of said
position coordinates of said current position of said loader.
7. An unmanned dump truck operating system 1n accor-
dance with claim 4, wherein said initiation device for
generating said 1nitiation signal to initiate preparation of said
new set travel course comprises an automatic guiding mode
switch attached to said loader controller for selecting a mode
of automatically travelling said unmanned dump truck to
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said new loading position, and wherein said initiation signal
1s 1mputted to said course preparing means by actuation of
said automatic guiding mode switch.

8. An unmanned dump truck operating system in accor-
dance with claim 7, wherein said position measuring means
automatically ascertains said current position of said loader
by obtaining position coordinates from GPS.

9. An unmanned dump truck operating system 1n accor-
dance with claim 7, wherein said position measuring means
automatically measures said current position of said loader
by obtaining position coordinates from a fixed radar station.

10. An unmanned dump truck operating system 1n accor-
dance with claim 7, wherein said course data storage device
1s provided on said unmanned dump truck.

11. An unmanned dump truck operating system 1n accor-
dance with claim 4, wherein said 1nitiation device for
generating said 1nitiation signal to initiate preparation of said

new set travel course comprises a trigger signal generating
means, positioned at said loader, for generating a trigger
signal for reporting that said loader 1s at said new loading
position; and

wherein said course preparing means automatically pre-

pares said new travel-course data, based on said new
loading position and said stored travel-course data by
regarding said current position of said loader as said
new loading position when receiving said trigger sig-
nal.

12. An unmanned dump truck operating system 1n accor-
dance with claim 4, wherein said position measuring means
automatically ascertains said current position of said loader
by obtaining position coordinates from GPS.

13. An unmanned dump truck operating system 1n accor-
dance with claim 4, wherein said position measuring means
automatically measures said current position of said loader
by obtaining position coordinates from a fixed radar station.

14. An unmanned dump truck operating system 1n accor-
dance with claim 4, wherein said course data storage device
1s provided on said unmanned dump truck.

15. An unmanned dump truck operating system 1n accor-
dance with claim 4, wherein said initiation device com-
Prises:

an operating condition detecting means for detecting

operating conditions of said loader; and

a trigger generation judging means for judging whether or
not the thus detected operating conditions satisfy pre-
determined conditions, and for outputting, when said
thus detected operations conditions satisty said prede-
termined conditions, a trigger signal as said initiation
signal for reporting that said loader 1s at said new
loading position.

16. An unmanned dump truck operating system which

COmMPrises:

an unmanned dump truck;

a course data storage device for storing travel-course data
representative of a set travel course for said unmanned
dump truck;

an automatic travel controller, provided on said unmanned
dump truck, for controlling said unmanned dump truck
so as to travel along said set travel course represented
by said stored travel-course data in said course data
storage device;

a loader for loading a load onto said unmanned dump
truck at a loading position provided on said set travel
COUTSE;

a position measuring means for automatically ascertain-
ing position coordinates of a new loading position of
said loader;
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a loader controller for automatically receiving from said
position measuring means the position coordinates of
said new loading position of said loader;

an 1nitiation device for generating an 1nitiation signal to
Initiate preparation of a new set travel course; and

a course preparing means for automatically preparing new
travel-course data, based on said new loading position
and said stored travel-course data, when said 1nitiation
signal 1s generated by said initiation device;

wherein said automatic travel controller rewrites, 1n said
course data storage device, said stored travel-course
data with the automatically prepared new travel-course
data to thereby provide new thus stored travel-course
data; and

wherein said position measuring means for automatically
ascertaining position coordinates of said new loading
position of said loader comprises a loading position
calculating means for automatically calculating and
outputting position coordinates for said new loading
position upon receiving said initiation signal.

17. An unmanned dump truck operating system which

COmMprises:

an unmanned dump truck;

a course data storage device for storing travel-course data
representative of a set travel course for said unmanned

dump truck;

an automatic travel controller, provided on said unmanned
dump truck, for controlling said unmanned dump truck
so as to travel along said set travel course represented
by said stored travel-course data 1n said course data
storage device;

a loader for loading a load onto said unmanned dump
truck at a loading position provided on said set travel
COUrSE;

a monitor station for monitoring said unmanned dump
truck as said unmanned dump truck travels on said set
travel course;

a monitor controller, provided at said monitor station,;

a first radio device at said monitor station and a second
radio device at said unmanned dump truck for provid-
ing radio communications between said monitor con-
troller and said automatic travel controller of monitored
travel condition information and an operating control
signal;

a position measuring means for automatically ascertain-
ing position coordinates of a current position of said
loader;

a loader controller for automatically receiving from said
position measuring means the position coordinates of
said current position of said loader;

a third radio device, provided at said loader, for radio

communication of said position coordinates of said
current position of said loader;

an 1nitiation device for generating an 1nitiation signal to
initiate preparation of a new set travel course; and

a course preparing means for automatically preparing new
travel-course data, based on a new loading position and
said stored travel-course data, by regarding said current
position of said loader as said new loading position
when said initiation signal 1s generated by said 1nitia-
tion device;

wherein said automatic travel controller rewrites, 1n said
course data storage device, said stored travel-course
data with the automatically prepared new travel-course
data to thereby provide new thus stored travel-course
data.
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18. An unmanned dump truck operating system 1n accor-
dance with claim 17, wherein said 1nitiation device for
cgenerating said 1nitiation signal to initiate preparation of said
new set travel course comprises an automatic guiding mode
switch attached to said monitor controller for selecting a
mode of automatically travelling said unmanned dump truck
to said new loading position, and wherein said initiation
signal 1s mputted to said course preparing means by actua-
tion of said automatic guiding mode switch.
19. An unmanned dump truck operating system 1n accor-
dance with claim 17, wherein said initiation device for
generating said 1nitiation signal to 1nitiate preparation of said
new set travel course comprises a trigger signal generating
means, positioned at said loader, for generating a trigger
signal for reporting that said loader 1s on said new loading
position; and
wherein said third radio device provides for radio com-
munication of said trigger signal to said course prepar-
Ing means; and

wherein said course preparing means automatically pre-
pares new travel-course data, based on said new load-
ing position and said stored travel-course data by
regarding said current position of said loader as said
new loading position when receiving said trigger sig-
nal.

20. An unmanned dump truck operating system 1n accor-
dance with claim 17, wherein said position measuring means
for automatically ascertaining position coordinates of said
current position of said loader comprises a loading position
calculating means for automatically calculating and output-
ting position coordinates for said new loading position upon
receiving said initiation signal.

21. An unmanned dump truck operating system 1n accor-
dance with claim 17, wherein said position measuring means
automatically ascertains said current position of said loader
by obtaining position coordinates from GPS.

22. An unmanned dump truck operating system 1n accor-
dance with claim 17, wherein said position measuring means
automatically measures said current position of said loader
by obtaining position coordinates from a fixed radar station.

23. An unmanned dump truck operating system 1n accor-
dance with claim 17, wherein said course data storage device
1s provided on said unmanned dump truck.

24. An unmanned dump truck operating system 1n accor-
dance with claim 17, whereimn said initiation device com-
PrISEs:

an operating condition detecting means for detecting
operating conditions of said loader; and

a trigger generation judging means for judging whether or
not the thus detected operating conditions satisfy pre-
determined conditions, and for outputting, when said
thus detected operations conditions satisly said prede-
termined conditions, a trigger signal as said initiation
signal for reporting that said loader 1s at said new
loading position.

25. An unmanned dump truck operating system which

COMPriSEs:

an unmanned dump truck;

a course data storage device for storing travel-course data
representative of a set travel course for said unmanned
dump truck;

an automatic travel controller, provided on said unmanned
dump truck, for controlling said unmanned dump truck
so as to travel along said set travel course represented
by said stored travel-course data in said course data
storage device;
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a loader for loading a load onto said unmanned dump
truck at a loading position provided on said set travel
COUrSe;

a monitor station for monitoring said unmanned dump
truck as said unmanned dump truck travels on said set
travel course;

a monitor controller, provided at said monitor station,;

a first radio device at said monitor station and a second
radio device at said unmanned dump truck for provid-
ing radio communications between said monitor con-
troller and said automatic travel controller of monitored
travel condition information and an operating control
signal;

a position measuring means for automatically ascertain-
ing position coordinates of a new loading position of
said loader;

a loader controller for automatically receiving from said
position measuring means the position coordinates of
said new loading position of said loader;

a third radio device, provided at said loader, for radio
communication of said position coordinates of a current
position of said loader;

an 1nifiation device for generating an 1nitiation signal to
Initiate preparation of a new set travel course; and

a course preparing means for automatically preparing new
travel-course data, based on said new loading position

10
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and said stored travel-course data, when said 1nitiation
signal 1s generated by said inifiation device;

wherein said automatic travel controller rewrites, 1in said
course data storage device, said stored travel-course
data with the automatically prepared new travel-course

data to thereby provide new thus stored travel-course
data; and

wherein said position measuring means for automatically
ascertaining position coordinates of said new loading
position of said loader comprises a loading position
calculating means for automatically calculating and
outputting position coordinates for said new loading
position upon receiving said initiation signal.

26. An unmanned dump truck operating system 1n accor-

15 dance with claim 25, wherein said initiation device com-
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Prises:

an operating condition detecting means for detecting
operating conditions of said loader; and

a trigger generation judging means for judging whether or
not the thus detected operating conditions satisty pre-
determined conditions, and for outputting, when said
thus detected operations conditions satisly said prede-
termined conditions, a trigger signal as said initiation
signal for reporting that said loader 1s at said new
loading position.
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